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BACKGROUND OF THE INVENTION 

9 1.Reldof1r»(rwentten 

(0001] Thopraaai* inventoried 
to as en 'Ofgartc EL devioa^ which 

to 2. Deaorlpdon of trie Related Art 

P002] Recently, attention has been drawn to organic B. devices In which a (urranescant layer. I.e., Sght emiaaion 
layer, tetonrted from a spectloofga^^ 
can achieve a targe area display devi^ 
« Tang at el., as \$ reported m Appl Phys. Lett, 61,913(1 087), have eu ooooded in attaining an EL devtoe having a 
stnjcturotowWchorgaiite 

Intfoduoa holes and electrons with good balanca via an anode and a cathode, respeodvety. In addition, ainoatha 
Wctaieas of the organic compos 
and efficiency sufficient for pr*^ 
*> about 1% at an ap piad votega of rio mora than about 10 vota, 
{00031 ln*tehip)irye1!ictentELdevte* 
btoellonwthanonjajfeoornpourt 

raduoa an enargy barrier which can cauaa a problem during lr\)scbon of ole Ui u na from a metal electrode. However, 
slrae the magnesium fc unstable axrtte^ 
** organic tavern, magnaaium was uaed after alloying. Amoving ia canted out by vapor co-dapoeition or simultaneous 
evaporation of ma«rtteiur^ 
organic iayara. 

(0004] The resear c hers of Toppan Printing Co, (of, 61 at pertedteal me etin g, Sootety of Appeed Physics, Preprint 
28S-P&-4, p.1040) and researchers of Plonaar Go. (of, 54th pertodtoa* meeting, Sociaty of Appftad Phyafca, Preprint 
*° 20p-2O16, p. 11 27) have had devatop m ent a in tie usage of Hthhim (U), which haa an even lower work function than 
that of Mg r and aeoying U with an aluminum (AO to obtain a stabilized cathode, thereby embodying a lower driving 
voltage and a higher omtttng tumirunc* h comparison wth tr^ 

reported in tEffi Trana. Bectron Devtoaa,, 40, 1342 (1903). the taventora of me preaent application hava found that 
atw*teyerwflcatrK>deproduoadbyd 
» <Kmpound layer, loflowedty 
In ana. davtea. 

iOOOQ Reoentfy, Pel et aL of Untax Co. have proceeded to raduoa the driving votege of an Q. device by doping a 
polymertoJumineece^ 

ihe LI eeJt dtepeceed in the polymeric tuntineeoent layer id distribute Li tona and oounaar lone near thie cathode and 
40 naartoanoda.raapactrva^^ 

Aocordavj to Ma mae^ ainoa a^ po^ 

donating dopant, and thua the reduced potymers ens contained in the atata of radfcaJ anions, a banter of the electron 
injection from the cathode can be conetterebly reduced, <xm^ 

(0006] Mora recently. Ihe inventof* of the present application have found thai the driving votage of an B. device 
48 can be reduced by doptog an eilollim^ 

Hoe, or a rare earth metal auch aa aamartum and the fike, to an organic layer ad|aoant to the cathode electrode (of. 

SO 07, Digest, P77S). It waa beloved tfiateuoh reduction of the drMr^ 

in the etectron injection from the catho<te electrode can be notai^ 

teyer adjacent to the oteoo d e produced by mataJ doping therein, 
50 10007] towever, due to oxidation of the electrodes and other reasons, deterioration of the device can resutt In the 

ebove-deeoribed EL devtoes using an aloy of Mg or U aa tha atectroda matartal. hi addtion, the uaa of auch alloy 

eteotrodesha*todiee*at*^ot 

maJaiteltDbauaadhMtoaaTiutanBOU^ Furthermore, 
lheatoovadeacfteedt»»o4ayer^ 
« tfifclamaoftheUteyeriarTm 1342 (1993), and efco has the 

*e«Mrtage of tow reproduce 

depoated at a considerably reduced Ofeioieealniheoflderof &>«4^ 
developed by Pel at a). In which tha UaaA tended to tholumteosc^ 
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field, there to a problem wtt the 
controltodveJocply.trwebycei^ 
[OOOt] Moreover^tr* method whk*lncl^ 
precteely control thecxjneerit^^ 
s rr^ affect tr* properties <>f the reeu*^ 

SUMMARY OF THE INVENTION 

10009] TbepreeetitirTvetittonhwSbe™ 
to ecoorolngiy, one object of the preeert 

electrode to an organic compound layer In accordance with a simple and reliable method to thereby ensure a tow 

driving voltage of the EL devices regaidtoss of tie work function of tie oathode material. 

{0010] Arwtr^ object of e^preser* Invent 

factory chajactertota which 
w trode materialmen If aHxitfm^ 

In the prior art aro need aotoiy oe tho oathode material. 

(0011] In order to achieve Ibe above mentioned object*, an organ* electrolLimkiesoent device is provided wWch 
Inohidaa at least one lumlneecent tayar, constituted from morgan 

anodo electrode opposed to tha cathode electrode; Tho otodroUninoacant devioe further todudos an organic layer 
20 exgacettf to the cathwde electrode, t^ 
and an organ* metal oomplexconp^ 

metal ton, an aftcal aarth metal ion and a rare earth metal Ion. Tha cathode electrode includes a metal citable of 

redudngt»meU}tofl(s)intr» 

motal. 

& (0012] Prefe ra b ly , tie nixe* layer te a tay^ 
the electron-transporting organic compound, 

10019] Preferabty, the meta) used in the formation of tho c&ftode electrode ii any one o< aluminum, zirconium, tita- 
nium, yttrium* ocendtom and ettoon. 

{00141 Preferably, tte metal ueed in tha formation of the cathode electrode 1$ an alloy containing at least one of 
20 aluminum, zirconium, titanium, yttrium, eoandum end ettoon. 

(0019] TTwaboveKleecrtoed cathode m 

raduoaametailocilntheoiganteme^ 

(001 6] Qeneraly f aomeatol metals, aM 

pressure than that of hlgh-meting-poWm 
28 metals, or the fee, can be reduced with the WgrHne*fc>g^>olnt metals such as aJumtoum, elbon, zirconium end tha 

fce.Forexanpto,ittewe!ta)Ottmt^ 

(cf. Chemical Handbook, "Appfted Chemistry Section P, eottod by t*» ChemfceJ Sodsty of Jepan, Maiuzen Co., p. 
089), and rubidbm oodde and alronttiimoxiote(cf. Metal Handbook 

Co.. ppM-9Q) oan be alee reduoed wXh aluminum to town a BberaWd metal rubfcfejm and saontkmy fospartWsy. 
40 (0O1 7] Tr» production of motaiolectrodw^ 

x 10* Pa (10* Tbfi) to deposit an atomic metal onaeubetratouponmettngajtf 

whenathermaJtyreduot»torrw*eJsuchs*alu^ 

tha atall matai compound, ileal earth ntfalcompotxidormoarthrnett 

reaction In vacuum results so as to produoe a reduoed and ftmrafted metal from the corresponding metsl oompound. 
In this reduction process, If the eleotron injection layer i^ 

complex oompound and the oto cuun transporting organic oompound; the elRel metal, aJfcaM earth metal or rare earth 
matai produced upon reduction and itoeratton of tha organic metal oomptox compound can off ootfvoty reduce the ad* 
Jaoartt electron transporting orgaiUc compound, thereby forntinp a metal doping layei 
(0016] tt tie allcati metal, e*»fie4rth 
so such as sn oxide, a fluoride, end fie Woe, Ittoooinotimoedifteufctomakooordopos^ 

transporting organic oompouna co form an organic myef» Dooauee me siorganc cornpouna nas a rayn oveporspon 
temperature due to good etaMtty thereof. furthermore, due to high electrical toetrfstlon property of the Inorganic com* 
pound, the remaining motooirtOQ of the jno tg ento oompound which eie unreduced may Inorooeo eie oYMng voSageof 
the EL device. 

« POM] Inthepret^lftwtloaan 

organlo metal oomptax oompound, In piaoe of the Inorganic compound thereof. The organic metal oomplex compound 
and the electron transporting organlo compound were co-deposited and mixed to form a mlssd tsjyer« Tha p roduced 
mhsd layer was Further coated with a cathode aiedrods made of a ipmlflc e fa ct roda material which oontolni a niotol 
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capable of reducing. In a vacuum, the metal k)n{s) contained In the organ*? metal comptex compound. Thus, based 
onthaWflhwdu dn gpwweft^ 

metal complex compound In the mixed layer and then the acjaoont electron transporting organic compound could bo 
reduced wth tha Bbefated mataL Tha Inventors of me present Invent 
njMDOfi Damer, merecy raoucstg a onving voaage of mo oevice. 

{MM] In practice, tha orgenio metal complex compound uaod in tha tarnation of tha electron inaction layer it not 
tajtrtaadtoiepsofccpiipoiin^ 

km of fie eJkaS mata) ions, atkai aarth matal km and rara earth matal lorn. Aa toe ligand compou nd for tha metaJ 
oomplax compound, although thay ate not restricted to die betoar-desodbed, quinoinci betooqtrtnofinot, acrycfinol, 
phananathddkiol. nydroxyphenyloxaxole, hydroocyphanythlazola. hydraxycSefytoxaduttoJe, hydroxydlarylthlarfezoie^ 
hydmocyphanylpyrldlna, tydtoxyphenytoenzolm^ hydrrocyberuotrteole, hydnoxyfurtmane, Wpyridyl, phenane- 
«woina t phtha}ooyanlna l porphyrin, oydopentadfene, fttftetonee, azomathtnaaand derivatives thereof , are preferably 
used. 

BRIEF DESCRIPTION OF THE DRAWINGS 

POSI] Tha present Invention wiM bo more dearly understood from tha description as set forth below wtth reference 
to tha accompanying drawtnge, wherein? 

Fig.1laacm M i actional view Husfrmflng a lamination structure of tha organ Ic B. device acco nfing to a prafefrad 
embodiment d tha present Invention^ 

Rg , 2 is a graph showing tha rotstionship between tha bias voltoge and the luminance for the organic EL device 
of Example t and tha organic EL davioa of Comparadv* Example 1 1 of tha praaant invention; and 
Flg.3 Is i graph showing tha falatlonah^ 

ol Example 2 and tha organic EL device of Ccrnpan^ Exan^ 2, of the praaant invano^ 
DESCWPTION OF THE PREFERRED EUBODflMBfTB 

PQ&I Figure 1 la a ahyWad orosi sectional view Busttating tha organio EL device aocorcflng to one preferred 

om b otfmomofthopnMs n tlnvsnt^^ 

ortlef on aawtotherertatiifl^ 

having hc4e-*aj»portlng properties, a luminescent layer 4, en electron injection layer (afco referred to aa 9 * mixed 
layer- or 'an organs? layer) 6 and aoathodaeJectrodefbai* 
(layers), the gUmatJbatraia(tra7iapara^ 
the Iunlne«)emlayei4c«n be component 
thrcaftuo* elects 

lnaddftlc*tothoftjetraled^ 
oan IncJudo other lamination structures audi aa: an anode, a luminaecant layer, an electron Injection layer (mfesd 
layer), end a cathode ; an anode , a note tanoportetion layer, a lumi nascent layer, an electron Injection layer (mixed 
layeO»ejidacethode;oji«iodo,aho^ 

electron faction layer (mixed layer) and a cathode; an anode, a hole injection layer, a note transportation layer, a 
Kumbieecant leyet, an electron injection layer (mbced layer), and a cathode; an anode, a hole Injection, layer, a hole 
trajtepartAttonlayw,^ 

a cathode. The organio EL devtoe of the present Invention oan have any desired tamkiation structurs, at long as a 
combination of tha election h)actkmtey« (mixed layeO^ 
requirements of Aa present invention. 

(0024) Thefermation of tha electron Injectton layer (rrUxed layer) 6 nw 

for forming thki Ntae including, for example, a vapor depostion method or a sputtering method. In addition to these 

methode.tfltstayercanbefcvmrt 

eoksJonbyueJnganydeeJredoo 

method. 

00201 Furthermore, the formtfionrf 

and tha sputtering method; ho*rtw, aiiy n^thcxj may be usod, tf desired, aa long as the method Is baaed on 

ttn f donation in a vacuum. 

{DOaq Inteprodu^oftheorgarfc 

compound ki tha electron Injectta layer (mixed layw), In tha 

portation !ayar are not restricted to specific compounds. However, typical examples of suiabte organic compounds 
Include poiycycic compound such « 
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eydbhydwctibonooinpM 

thraoene, napftthacene and pheftanihrene, siwdH dertvatVee thereof; condensed ftsterocyolo oompouncfci such 

wet as derivative* thereol; and fiuoraoafna, peiytone, p h fta lopeiylono, napmrmtoperytene, petynone, pWhalop- 
orynono» naphthaiopafynonaf dlphenyjjutsdlertep tebapheny8x^8dtone^ oxadiaiolei aldazinai blob8Woxezo8na( bias— 
tyiyt,pyraiine,Qyolopenta^ dtai h oca rt w c oto, 
pyrane, thiopyrane, poJymathine, marocyanine, qulnaorldone and rubrane, as wef oa dertatives thereof. 
|0027] in addtton to toeso oiganto oompounds. mata^nhrtatad oompta compounds deecrtood In Japanese Unex- 
amined Patent Pubaoattm (Kokai) Nos. 63-296698, 8-22667, 0-81472, 6-9470 and 6-17764 can ba appropriately used 
Bsthaoigai^oompoijrKte, Among thaM 

for example, matal complexes which contain, as a Hgand thereof, at toast ona mambar selected from 8-quinolnotato 
euchaatits<8-qulno«no*^^ 

8^)u(nolnolatD)alumbium l b^quinottnoi^ Irta^fnatnyl^^lnolnolaio) aluminum, S^noinoiatollthlum, 

trts(8-chioro-8-quirvoe^^ 

appropriately ueed. 

[0028] Furthermore, oxadteotes discloaed tn Japanese Pater* Kokal Nos. 5-202011, 7-179394, 7-278124 and 
7-228679, trfarinoe dtociosed in Jepanete Peter* Kokai No. 7 1 57473, stfceno derivatives and diatyryterytena deriv- 
atives dtootosod kx Japan— Pmtacit KokaJ No. 8-203963, atyiyl derivative* olsclosad in Ja p en aoo Paaw* Kokai Nos. 
6-132060 a^*68072, and diolefindertva^ 

preferably ueed In the formation of the luminescent layar and the electron transportation layer. 
[00291 •Hatharmofa.afluofasoantwW^^ 

ba used as tha organic compounds, and includes, for example, thosa described In Japa n eaa Pater* Kokal No. 
59-194393. Typical examples of tha riuoreeoer* whitening agent Include tha fluoraaoant whitening agants dessfied 
under tha group of beraoxtaotoe such aa 2,5^5 J^i>or^2-baraw(a20lyl)-1 A4-Wadiezc»e ( M'-Wa^J-t- 
panto^^anzoxazolyOslatena, 4 f 4 ( -bis pj-d^methyt^^uty^^ 2£-bis(6,7'tf*p6ntyi- 
2-banjEoxazoryf) tNophono, S^-be^o, a -dlmethyt>enzyr) ^^aftzoxana^miopfiarta, 2,6-bk^7-dK2-methy1- 
2<butyi>24enzoxa20ly11-3<4^^ 2£-bie(6-meW-2-beimm 4,4%bist2-berttoxaxotyl) 

Uphenyl, 6-rnethyW- (2-f4-<6-methy«-beittQxa2oM^ beruoxazole and 2-f>(4-chlofophenyr/v^^ 

<io<tf-<qoaowla; imdartr» 
derthegwofbeaxotmita 
yphanyl)winyt]panjolnrild s i ate. 

(OOSOJ As tha cistyryfbanzana compound, tha compounds dieoJosad tn European Patant No. 373,662 can ba usad, 

for example. Typical exempt* of the dtotyiy»onzeno confound Include 1,4*l*£-rfM*Jiytsty^^ 1,4-bai 

{3-methy1styTyl)banzane f 1 r 4^4^mathy1styry0ben2ana i dMytytwnaene, l.a^aCZ-ath^tyryQbetuane, 1,4-bis 

(3^thytoyryr^araena, 1 /44fc(24?)ethytaty^^ and 1 ,4-ba^-metftyttyry^^ 

P»M] Fiaihefmora 1 dtotyfy^yra^ 

lathe formation of the lurraneaoant layer and the electron 

dertvatfvee include 2*4)la(4-ma«hj<atyryf) pyrazins, 2^^4-athyktyry4)pymz^w, 2**Jat2<l-naprtthy^^ 
rine,a f a-oaK4^natho^ 2^»Ms<2-(4-bapheny1)^ and 2£4>i*p-(1-pyf*r*/)«ny^ 

fOOMJ in adctttoo, dknothyttdine derivatives dtaloeod in European Patent Na 388,768 and Japan eaa Patent KokaJ 
No. 3-231 970 can atao ba usad as the material of tha luminescent layer and the electron transportation layer. Typical 
axamplas of the dmethyWhe derivatives tnduda 1,4-pheriylenedtoiett^ 4,4 , i)r^ny1anadirr^r ^n a t 2^xy- 
lylMaolrnathyMna, 2,6-napNhytenedknotttv^^ lAMphenytortodmett^ 1,4-p4aiapheny«anadknathy^^ 
9,109,1 0-ej*hfecenedryk^^ aa 
wal as derivatives thereof slanamine derivatives dertoted in Japanese Patent Kokai Nos. &49G79 and 6-293778; 
pofyfunolloiialatyrytoonEW 
stive* dtooloaedfcJapafieaePa 

Patant Kokai No, 8-206888; oxynata dsftestivaa dtoctoaed In Japaneaa Patent Kokal No. 6-148146; lalraphanytoutar 
cia wa compounds Qlactoaod in »lapajnoaa Patant KokaJ No. 4 96990; and organic tflfuncllmial compounds dladoaed in 
Japanese Patent KokaJ No. 9-298496; aa wan aa coumartn derfvafivas cfodosed In Japaneaa Patent KokaJ No. 
2-1 91 894; pery4ene dortvatlvea dtodoeed m Japanese Patent Kokai No. 2-196888; naphthalene dartvatlvea disoloaed 
ai Ja pa n e se Patent Kokal No. 2-268789; phthalopetynone derivatives daotoeed In Japaneaa Patent Kokai Nos. 
2-289676 and 2-88889; andstyryiamine dertveaVes dtocioaad m Japanese Patent Kokai No. 2-260282. 
[0033] Moreover, any wsi known oompounds which are oonvenOonaJ in the produo8on of the prior art ofpanJo GL 
devices can be appropriataiy used aa tha orgar^ oompound In tha producten of ^e orgarac Q. davlca of the present 
Invention. 

10034] Tbea^maitoonipoundiuse^ 

the hole-transporting kjmlnaacM layer, aJthough they m 
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Japanese Potent Kofati Not. 646669, 6403963. 6*215674. 7-146116, 7-224012. 7*157473. 846666, 7*126226, 
7-168130, 640996, 840996, 640997,7-126225,7-101911 and7«973S6.Typk*«X*Tipk»^ 
poundstndude, tore*ans^N,r<ff.hrw NX-dfeherryW.tt-dlC^^ 
amlnobfchenyl, 2,2^4Ktf4>ly*m^^ N,N,rr,*-tstrai>to^ bk^A^ 

torylemlnophenyQpr^ NJfrOsflianyHltf^^ N^/T^-letfaph^ 

nyM/C^^nodlphanyMhtr, 4,4^d*h«iy1efr^ 4*,»<l*lwryi™^ 
3-methojry4^RKW^pr^ N^henytortazoto, 1, 1-bte (4n*iHrtarr*K>phe^^ 1,1*bia 

(4~o>i H r tor r»rwo^ ^ Ns<4HlrT*Jthytamin^ N«N/Hrt(p4oM) 

amine, 4^dkp4oMimlrioKW N, N>f,N , 49ttaph#nyM < 4 , 4tamlnoWph^ Ni>haiiyJ. 

cattuzoto, 4,4M*(N^1^^ 4,4^-«s{N^l-naprtfryf>^ jKarphenyl^^- 

MstNH2*apr*1iyQ^^ 4,4Wi(N43«cenapt*1)er^ 1,6*te (N-(1« 

naphthyr > -u 1 *enyt^ 4,4'-bsj[l^0-srthryt^ 4<4" 

bla(N-(lHMithryf) -Ni*anytamto) pitiphenyl, 4,4. -bit {N- (2-pheiwrthiyg-N-pr^^ 4<4M>ta 
[rHMhfoianthenyi) N ph<wytsff^»lphanv<, 404*W-&iyf*rfrH^ 4 l 4 , ^N-{2-p6iytenyO 
-N-phenyiatnlno|>(pUny1, A/t -Us IN - (1-coronenyf) 44-phenytarrino ^phenyl, 2,e^o3i>-tory<amlrw^^ 
2>bls{dK1-naptthy1}ar^^ 2,6^(1^ 1 -napni\yf)44-(2-r^ 4,4 # '-bit [N,N^ 

(2-n«^y1)«Tiino}to<ph^ t 4/C-bto CN-phenyl-N-r^l-napr^^ Mphenyi, 4,4 > -bte(N-phanyi- 

N-e-pytwiy|)amlrtt^ 2,6*lsIN l N-dK2-napr*hyi^^ 4,4»-bis(N,N4H>-tolyla^^ and 

bis^l-naphthyf) (N-2-napNhyQamina. Alto, any welHmown arytamfna compounds which ars conventional In the 
production of organic EL dsvtoee In the prior M can bawHablyusad, IT daslnid 
[0035) Furthermore, In the formal^ 
lumlnseosnt Uryer. a dsp^rston of tr» 

such organic compounds can be used as fte laysrforrrs'ng materia* M 

poryparaphenytene vinytono and derVatfces thereof, hoto-transporting rxHH»njugated poiymacs, typfcaty porrfN-vi- 
nytcarbazole), and ^-conjugated polymers of por/sian** can be used as the layer-forming material. 
(0036] Thamstertaloilhshotolfflsctlon 

trode) ts not restricted to a specfic malarial; however, metal phthaJocyanines such as copper phttatfocyanine as well 

aa non-metal pMhalocyantnee, cartoon flNnw and elsctrtoaty ootids 

uss*tathefor?nstlono1theho*ftl^ 

s *0 ¥ a«des^rfb6danf to^ 

(00371 Ae to appreciated tram the e*o^ 

tewenflon, since siio^af^tayer(alsoiio^ 

a mixed . layer (nm an ofgvfc 

metal tons and rare — rth metal tons with an ■Ucuun-frsnsporting organic compound; and furtharmore, the cathode 
afcHtiodefccofwttulrifroma 

oonatftuting the organto layer, i become* possfc^ta the productton of the organto EL o>^ 

rnafcsrlal therefor, low c*ettt*s^ 

other slntfar dsvtoee, of the prior ait 

(00381 ln**MltlQfltothee»cttl^^ 

etootron Injection barrier, being ejsiabto of operstlr^ at a reduced 

nance. Aoconingr/, the EL dsvtoee of the present Invention can art** a high utiflty In the practical use thereof, and 
armireathaJrafredrveutNteas^ 

EXAMPLES 

[0039| The present Invention wl be further described with refcrsnoototofolowing exarnpte, howaver, It should 
be noted that the present Inverts^ to not restricted 
t0040j tnlhaloftwiflngiKs^ 
the vapor dspostlon ssips^ste 

posltsd layers wsadeterrnfcMd by Further- 
more, the characteristics of the orgsnic EL devtoe were determined by using tho source motor a 2400* o orrnnsre tot y 
a*s*t*fromKett*ty*Co.airi 

was stepwise applsd at an Increasing rate of one voft per 2 seconds to tie B» device having an TO anode and an 
eiurTsmsTi (Aft cathode, ajide^l^^ dessrmsiedsiWr one ssoond had passed h 

thooornplBtlooot68chino^^ 
analyzer ■PMA-iy,comrnefota^ 
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Enmptot: 

(0041] Th« organic B. dovtco taring Dm tamkiaton structure Huotntfed in flg. 1 wu produoed according to tho 
pfaaant Vwai tfton* 
3 pott] AghaaaUbatrilal coalad i*h an no (Wtam* 
comm«dalyavaUI» 
iA(pho(oOWDha^ahoaj^ 

HO-coaladtfaataubabatal undvthava^uianv^orddpoattoncondUoMof l33x10*Pa<l04lbn)and2A/»ac 
to toim a hota tranaportatton layer 3 havtogatfilcfcnataof 60QA. 

fO 




» B»ttJ TharaaJtar. an aluminum 

a gman bmaiaaoanoa, wproaamad by tha fattowtag fonnuta (H), waa dapoaHad onto tha nota baiiapoitation toyar 3 
under tha aajna vacuum vapor dapoaWon oundMona aa In tha abova-daaortbad dapoaMon of tha hote tra n apo rtflrt o n 
tayar 3 tofbcm a lumftnaacanl layar A having m tfticknssa of 6GO A. 

as 



40 



45 



50 




«* {00441 Aftarthafocmajionofthaiu^^ 

a Hhiuro oomplax of m ooo ff s^ua i oi n o la io) (latai ind to as m \Jkf t aa an organic roataJ compto compound) f a p ta aantad 
by tha foBoariffg formula (Bt) and AJq (aa an ataihtm^ranaportinfl ofgante compound) in a molar onto of 1 : 1 (UqiAlq) 
wamco-dapoaJa>dundar1h«|waaau^ 
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layer 6 having a thUaiess of 60 A waa thue obtained. 
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is [0O4S] FlnaJfc aluminum (AO waa deported at the depoeltlon speed of 10 A/sec onto the electron Injection layer 
(mbcedlsyeO*tororma<»modeeteotro^ 
Himlneecem area of 0.5cm (lang^ 

[0048] In the produced organic EL davtoe, a OC votage was applied to between ft* transparent anode electrode 
(ITO) 2 and the cathode ctactrods (Al) 6, and the luminance ol the groan tumineccenoc from tho iumlnesoant tayar 
90 (Ak04waadatafiniriedtoobtatotiemei^ 
the rolatlonshtp between the blaavo«»gearrf 
oo7m*couW be obtained at the wpp^ 
the applied Mae voltage of 6*6 vote. 

** Comparative Example 1: 

{0047] The procedure of Example 1 wee repeated to produce an organic EL device with fie proviso that, for the 
puipoee of oon ya riaon, an electron 
of tha above fomujMMQ Th*ti^ o^ro 
*> portaltoniayeft*^amtol«»oee 

as in thedepositon of the hole transported 
an electron b^oob^ layer having a tM^^ 

Thereafter, aluminum (Al) waa dapoottodat a thkfcneaa of 1,000 A over the stactron InteoMon layer (Uq) to totwi a 
cathode ele ctro de. The organic EL de v ic e wee thue o btained 
» C0046] In the produced organlo EL dewtae, the lunilnonoo of 

determined as In Example 1 to obutothe-rojufte plotted wthblaek dote ^ 

only a lumlrwo* of at moat 21 .000 ctfm* waa obtained at the increased apptod bim votage of 13 vofts t and the 
appledbtaavotagsofo^voftsamroo^ta 

(0049] Hence, the reeuHa of Rg. 2tndtosteth8tthepfOOonooof a mixed layer auoh as the alactron infection layers 
* uaadlnExamplal ie eflectto to roo^ the driving voft^ of the ^ 

Exampie2; 

{0050] The procedure of Example 1 waa repeated to produoe an organic EL device with the proviso that in thte 
«* example, a^PO was irito^poefted «^ 
athtefcneeaofSOOA^tDliDwadbyvaouiro 
Thereafter, the organlo metal complex o 
ratio of 1 :1(Uq:Alq) ereroco-depoeJted to form 
A. Attar the torni^^ of the electron Infeot^ 

Main i rfi 1 1 ■■ L*Lm^U« * A fe» 1 ■■ ■hi _ ■ -|j| ■ mjm m \ , nJina fim A 
electron aijecDon layer o a> romi a oamnne owobpoqq o« 

poeij in the produced organic a. defeats plotted*^ 

m* could be obtained at the appftedblaevoJu^ 

obtain a lumkwnce of 1^)00 cdm^. 

[0082] X can be appreciate from the oomparteoo of the above reeutts wXh thoee of Example 1 that the tomhenoc 
oo property of the EL devtoe of Exampia 2 Itelighfly poorer then ett of Exempt. However, afthough^ 
the electron InJecttonU^ 5 w 

lufnlrvjnoe property of the devtoe. Note 
obtained In-Example 2. 
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Comparative Example 2: 

10063] The procadure of Example 2 wa* repeated to produoe en organic EL device wtth the provfco that, tor the 

purpow of compaction, an etocir^ 

the etoctrorrtraitaporingonjuitooomp 

etn*totormahoteti«naport^ 

h**>eeoer< layer having a thi^^ 

oompourtfi(Ntiintmote 

hawing a thJofcneee of 300 A. After tha formation of the electron injection teyar, aluminum (AQ waa depoa tad at a 
thkfcneae of 1 ,000 A over tha election i^aettoalayartDloimaeaaiodaalaeftoda. 
{0064] in tha producad organic B-davk^ at la plooad 

odta* wet obtirfned fit the applad btae voftage of 1 7 vote, and tha appftad bias voltage of 15.5 voU wa* requtrod to 

obtain a luminance of ijoooodftn* 

100661 Thoooaparfconoftheabovaraeitowtt 

oampoundcuchaaUFceii ranwi^ 

metal oompiax compound, cue to the unraouoao Ur being fowflnoo in ma etocvon injection layer (motea nyer). 
(0066} Atthoogh tha Invantton haa baan daaort 
Xt^beurKtoritoodthatth^ 
tha scope d tha dekne. 



CWma 

1. Anofganteata oiro t unilna a o a m 

pound, befrroen a cathode eJ ootrodo and an anoda electrode o p p o e o d to oald cathoda electrode; wherein: 

aaJd ateotrptunl no a ca n t device further comprfeee an organic iayar atjaoera to aakl cathode o tocfro d o , aald 

organic tayerbetrtgambced layer of an electron^ 

coripoufMl containing at leartoitafnan^ 

earth metaj ion and.a nra aarth motif ton; and 

taid cathoda alaatiodaoonviWngamalal 

oompound of aakl mtxod Iayar, in a vacuum, to tha corieapondkig metal. 

2. ThaoiganioaleGtiDiuminaaoamdaviM 

depot W on of aakl organic metal complex oompound and aald electron transporting ofganlo compound. 

3. Tha organic electro lumln eecant dovtoe acconlng to ctofrn 1 or 2, to arhteh tha metal uaad In tha formation of eato 
cathode ele ct rode ia any one of aluminum, zkoonlunv titanium, yttrium, •candkjm and tHoorv, 

4. The organ* eloofcotumlnfiec 
caihodaatoctiodatoanaJoy contain 



P ato nU a apr Oohe 

1. QigantochaBalftptomtoeag ^^ 
i«i<aaailataf>dan8flhiot» 

die Botaolumtooogaravorilohtungfornor aina organ lac ha ficWOht angwrfipand an dto Kathodanatotoroda ant* 
hut, wobai ole organleoho 8ohioht afro MlichoohtorTt am etoer eleidronaiaraniporief andan organiechcn Veo 
Wndung und atnar organlaohcn Metalfcomploxverbtoc^ 
Gn^gevrtNtfetdtocfaAfcaftneta^ 
dto Kothodarietektrode ein 

hompfexvorblndung dorMtoohoc h Jo h tln etoom meaamu doma ntt p g oc hoo do n Metal m rad mto roft. 



2. Orga^ 
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deteScNcMitf. 
8lblum*ntMtt. 



R0v#mUosOofis 

orgrtqu*. mm um ctfhofe « ur» wtodt oppo^itadto cathode, dwttoqu^: 

tf rfun oonvottoonvtam n*taiiqueovnlq» 
pfsnrtuntenm4tetlqu><te»in.unionm 

ft. D^XMmi «tootrok«T*M#^ 

oouohttomtf«k*»<fcid^co^^ 
twiwportmlw il i uucm *. 

tkmd9l^ll*c«thod««MrMoqu«toQn^ yttrium, •cancfium 

rtaUcium. 

tion<felu*t*c«tho<l0««un*te9«oon^^ : «IUmWum, zirconium, tan*, 

yttrium, toftjKiunn 6t tttckmn 



10 



EP1011 18881 



Fig. 1 
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Fig, 2 
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